Les commentaires et analyses développés n'engagent que leurs auteurs qui restent seuls responsables des erreurs et insuffisances.
Introduction
This paper strives to explore the impact of structural vulnerability on the total public debt, especially in developing countries. The latter, through their history have been prone to several types of shocks 1 such as shocks to international commodity prices, natural disasters, conflict related shocks, global financial market shocks, shocks to international interest or exchange rates, shortfalls in external aid flows, shocks of sudden human diseases (e.g. SARS)
which can hit tourist revenues, changes in host country policies for migrant labour, which can cut remittances (see Matthew M. and Bargawi H., 2004) .
According to the World Bank classification, the developing countries group -different from that of high income countries -is heterogeneous and include low income countries (LICs), lower-middle income countries (LMICs), and upper middle income Countries (UMICs), the two latter are referring to as middle income countries (MICs). While high income countries are highly exposed to market development as well as natural disaster shocks, we can distinguish two groups of developing countries in terms of vulnerability to shocks: those that have a limited access to private financing (especially the LICs and certain MICs) and those with a higher access to market-related financing. Many LICs and LMICs have in fact, benefited from the substantial debt cancellation under international schemes such as the heavily indebted poor countries (HIPCs) initiative and the multilateral debt relief initiative (MDRI). However, these initiatives provided by the Paris Club (and several other creditors) left the world developing countries at very different levels of indebtedness (UNDP, 2010) .
Indeed, on one side certain countries (for instance, many countries in the MICs group as well as many countries in small island developing state 2 , SIDS) have not benefited from the multilateral debt relief initiatives and have managed only to reschedule bilateral credits owed to the Paris Club. As a result, these countries incur persistent and unresolved high public debt burden as measured by both stocks (solvency) and service (liquidity) indicators. On another side, many countries including in LICs, despite the debt cancellation schemes they have benefited, are engaging in rapid debt accumulation (sometimes from the domestic markets 1 Shocks is best defined as an event which impacts on an economy and which is "exogenous" -beyond the control of the government to prevent -though, neither the unexpected nature nor the lack of government control are inevitable (see Matthew and Bargawi, 2004) . 2 The group of SIDS is a group of small open economies established by the United Nations in 2009. These countries have the particularity to be highly exposed and vulnerable to external shocks. Note that certain countries of this group belong either to the group of Low-Income Countries or to that of Middle Income Countries.
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that are developed especially in sub-Saharan Africa, see Christensen, 2005; Rocher, 2007 and Cabrillac and Rocher, 2009 ) which give serious cause of concern.
Several studies (for e.g. Guillaumont, 2006 and UNDP, 2010) highlight that the greater vulnerability to high levels of public debt is owed to a range of structural weaknesses (that we will develop further). Many developing countries lack the required economic policies (that we will call later the "resilience") to deal adequately with such shocks and to avoid the subsequent debt accumulation. The latter associated with a high level of debt service has in turn, limited the governments' fiscal space and abilities to respond effectively to these shocks.
The rest of the paper is structured as follows. In the next section (section 2), we will briefly present the state of the literature related to the definition and measurement of the concept of "economic vulnerability" in developing countries. From that literature review, we will also derive our preferred measure of "structural vulnerability". The section 3 will be devoted to the model of public debt accumulation that will help us examine how the latter is related to the structural vulnerability of developing countries. In section 4, we present our model specification, the discussion on the expected sign of covariates and the econometric method.
In the section 5, we will expose and discuss the empirical results. The section 6 concludes and discusses the policy implications of this study.
The concept of 'economic vulnerability': A literature review on the definition and measurements

A literature review on the definition of 'economic vulnerability'
The concept of 'vulnerability' refers to that of 'risk'. There are several definitions associated with the concept of 'risk' depending on the disciplines where it is studied. Generally, vulnerability can be seen as the risk that a 'system' undergoes from negative change due to a 'perturbation' (see e.g. Naudé et al., 2009 ).
In economics, vulnerability is either associated with poverty where the concern is the risk of households falling into or remaining in poverty, or natural hazards and macro-level shocks where the concern is how the hazards adversely affect a country or region's economy (see e.g. Naudé et al., 2009 ). Guillaumont (2009) highlights that the first type of vulnerability can be derived from the second one. Our paper focuses on the second kind of vulnerability: the 'economic or structural vulnerability'.
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The concept of 'economic vulnerability' was defined for the first time in 1990 by the Maltese Ambassador his Excellence Mr. Alexander Borg Olivier who states that 'such an index is important because it reiterates that the per capita GDP [gross domestic product] of island developing countries is not itself an adequate measurement of the level of development of these countries as it does not reflect the structural and institutional weaknesses and the several handicaps facing island developing countries' (Maltese Government, 1990: 7) . Since then many conceptual and empirical studies 3 have been conducted on the issue of economic vulnerability. More specifically, many studies of Briguglio (e.g. 2004) , Briguglio and Galea (2003) , Cordina, (2004a, b) and Briguglio et al., (2008) define economic vulnerability as 'a country's proneness to exogenous shocks lying outside their control or its proneness to increased susceptibility of such a country to the adverse effects of these shocks'.
In the same vein, several studies of Patrick Guillaumont (see e.g. Guillaumont, 2009; Guillaumont and Cariolle, 2011) have been devoted to the study of 'economic vulnerability' where he defines 'the economic or structural vulnerability of a country as the risk of a (poor) country seeing its development hampered by the natural and external shocks it faces'. Thus the author considers two main types of exogenous shocks (in other words, two main sources of vulnerability):
-the environmental or 'natural' shocks which encompass, for instance, natural disasters (earthquakes, volcanic eruptions) and the more frequent climatic shocks (typhoons, hurricanes, droughts, floods, etc); -external (trade-and-exchange-related) shocks which comprise, for instance, slumps in external demand, world commodity price instability (and correlated instability of terms of trade), international fluctuations of interest rates, and so forth.
Other domestic shocks such as unforeseen political changes are thus excluded from being exogenous.
All these studies make a distinction between the concept of 'economic vulnerability' and that of 'economic resilience'. For example, according to Briguglio (2008) , economic resilience refers to the policy-induced ability of an economy to recover from or adjust to the 3 The conceptual and empirical viewpoints of economic vulnerability are well documented in the literature (see e.g. Briguglio 1995 Briguglio , 2003 Atkins et al., 2000) . Cordiana and Farrugia (2005) also provide a summary on the measurement issue of the concept of 'economic vulnerability'.
halshs-00749469, version 1 -7 Nov 2012 negative impact of adverse exogenous shocks and to benefit from positive shocks. Thus defined, economic resilience may take the form of higher savings and investments which may occur in the wake of pronounced uncertainty and may enable small island states to achieve high levels of economic development (Cordina, 2004) . Guillaumont (2009) considers economic resilience as the capacity of a country to react to shocks. He highlights that this resilience depends more on current policy, is more easily reversed, and is less structural but may also comprise a structural element 4 . Briguglio (2003) develops the concept of the 'Singapore Paradox', according to which many small island states, in spite of their economic vulnerability, manage to generate a relatively high GDP per capita when compared to other developing countries. To explain this phenomenon, Briguglio (2003 Briguglio ( , 2004 ) takes the case of Singapore which experiences high rates of economic growth and high GDP per capita despite its high exposure to external shocks. Thus the 'Singapore Paradox' stems from the juxtaposition of economic vulnerability and economic (nurtured) resilience, where economic vulnerability was confined to inherent features which are permanent or quasi-permanent, while economic resilience was associated with man-made measures which enable a country to withstand or bounce back from the negative effects of external shocks.
A literature review on the measurement of economic vulnerability
In line with the definitions of economic vulnerability provided above, we summarise here the different measures of that concept. The propositions of vulnerability indices have mainly focused on the quantification of the special features of the countries by relying on indicators such as economic openness, export concentration, dependence on imports of energy and peripherality. Other approaches attempt to measure vulnerability in terms of the phenomenon, namely the variability of output and similar indicators.
The first vulnerability index was proposed by Briguglio (1993) and is composed of three variables: the exposure to foreign economic conditions, insularity and remoteness, and proneness to natural disasters. This index has been the subject of several modifications in 1995, in 1997, and updated by Briguglio and Galea in 2003. Other authors such as Chander (1996) and Wells (1996) follow the methodology adopted by Briguglio (1995) and propose a vulnerability index. Wells (1997) revised its measure of vulnerability and uses a methodology that departs from the previous ones where he relies on the idea that 'vulnerability manifested in instability in economic growth'. He then uses regression analysis to build its index. Atkins et al. (1998) also adopt the econometric analysis and show evidence that export dependency ratio, merchandise export diversification and vulnerability to natural disasters are the main determinants of economic vulnerability (measured by output volatility). Crowards (2000) also contributes to the literature by suggesting an index of economic vulnerability for developing countries which is composed of more variables than in the previous studies. In line with Wells' (1997) study, the Committee for Development Policy (CDP) 5 of the United Nations (UN) developed a composite index in order to identify the causes of vulnerability of least developed countries (LDCs). By capturing vulnerability through economic growth instability, this index is a weighted average of five variables, namely the share of manufacturing and modern services in GDP, merchandise export concentration ratio, instability of agricultural production, instability of exports of goods and services and population size. The weights are obtained through an econometric analysis where the impact of each economic indicator quoted above on economic growth is examined. All these studies convey the same message according to which small states are inherently more vulnerable. However, Gonzales (2000) criticises these studies, arguing that they lead to considerable variations and contradictions due to the differences of the parameters and the methodologies employed by them.
Following the renewal growing concern over macroeconomic vulnerability of least developed countries and the demand of these countries to build an adequate vulnerability indicator which should be taken into account in the design of international development policies, the CDP has developed and progressively refined, after successive revisions (2003, 2006 and 2009) an economic vulnerability index which captures vulnerability caused by structural factors. The structural economic vulnerability employed in this study referred to the so-called 'retrospective Economic Vulnerability Index (EVI)' jointly calculated on an annual basis by the FERDI 6 (see Cariolle, 2011; Guillaumont and Cariolle, 2011) 1975-2008 (unbalanced panel data) and has the advantage of being simple, transparent and parsimonious. Moreover, several multilateral development banks are exploring whether to move from their traditional indicator to EVI for aid allocation (see Guillaumont, 2011 , for more details).
The data available for our study (once we take into account all our variables -see below for the details on these variables) cover a panel of 96 developing countries over the period 1980-2008. This EVI is a result of three components: (i) the size and frequency of the exogenous shocks, either observed (ex post vulnerability) or anticipated (ex ante vulnerability); (ii) exposure to shocks; and (iii) the capacity to react to shocks, or resilience.
Therefore, structural vulnerability (that is, the EVI), which results from factors that are independent of a country's current political will is different from the vulnerability deriving from policy, which results from recent policy choices. In other words, an index of structural economic vulnerability is related to structural factors-not policy factors-that are beyond the present control of the country and which also influence global vulnerability, mainly through resilience (Guillaumont, 2009 ). This structural vulnerability index is a composite index of 'shocks' and 'exposure to shocks'; both indicators are equally weighted 7 . We display below the structure of the (retrospective) EVI where the weights of indices are in brackets.
Structure of the EVI
-Smallness (50%) -Location Index (Remoteness) (50%) Exposure Index (50%) -Specialization Index (Merchandise Export concentration and share of agriculture, forestry and fisheries) (25%) Shock Index
-Natural Shock Index(Homelessness due to natural disasters; instability of (50%) agriculture production) (50%) -Trade Shock Index (Instability of exports of goods and services) (50%) Guillaumont et al. (2011 ) Guillaumont (2011 concludes with regard to each of these indicators that the LDCs appear, on average, to be more vulnerable than other developing countries and even more so when Guillaumont and Cariolle (2011) . This is why we do not find it useful to replicate this statistical analysis here and refer the readers to those articles. 7 See for example Guillaumont and Cariolle (2011) for a discussion on the weight of indicators.
halshs-00749469, version 1 -7 Nov 2012 compared to other low-income countries. Figures 1-4 in the Appendix compare the evolution of the average total public debt with that of the average EVI for, respectively, the developing countries and the sub-samples of the low-income countries (LICs), lower middle income countries (LMICs) and the upper middle income countries (UMICs). Note that we do not include the group of small island developing states (SIDS) because of the insufficiency of data on certain explanatory variables (specifically the quality of governance). However, several countries belonging to this group also pertain to one of the three sub-groups of developing countries. All these graphs suggest a strong correlation between the average EVI and the average total public debt and a co-evolution of these two variables over time. Guillaumont and Cariolle (2011) . IMF (2010) and Guillaumont and Cariolle (2011) . (2010) and Guillaumont and Cariolle (2011) .
Figure 4: Average Total Public debt and EVI of Upper Middle Income Countries (UMICs)
Source: Authors calculations based on data from IMF (2010) and Guillaumont and Cariolle (2011) .
In the next section, we expose the simple mathematical model of the public finances sustainability usually described in the literature.
The presentation of the simple mathematical model of the public finances sustainability
Since the purpose of our study is to examine the effect of economic vulnerability on the total public debt, we start with a public finances sustainability model and then derive the appropriate model that will help us perform our regressions. First of all, we find useful to mention that the concept of "debt sustainability" is improperly used in the discussions of international financial and fiscal policy issues in developing countries, whereas the relevant and the best known concept is that of fiscal sustainability, that is, the sustainability of public finances. The concept of fiscal sustainability refers to the fact that governments cannot maintain indefinitely the same set of policies (for e.g. expenditures and taxes policies) and remain simultaneously solvent. This means in other words that fiscal sustainability analysis is often not on defaulting itself -which governments try to avoid -but on the consequences of the policy changes needed to prevent defaulting (Vera, 2009) .
Despite the old debate on that concept (it dated from more than a century now), there is no
agreed definition on what constitutes a fiscal sustainable position. In fact, there are several methods proposed by the literature to assess the fiscal sustainability, depending on the time horizons (short, medium, or long term) and the variables considered.
In theory, the study of fiscal sustainability rests on the government's budget constraint which requires that current spending on goods and services plus the costs of servicing current debt equals current tax revenues plus the issuance of new debt. Thus, the debt financing from a long-term perspective is defined with respect to two main approaches (Cuddington, 1996) :
-The first approach is the so-called "accounting" or Domar's approach. It is also named the borrower based approach and is defined on the basis of the static government's budget constraint. The latter is satisfied if the public sector is able to finance its current expenditures with its revenues and new borrowing, and meet or roll over its maturing liabilities; that is, if it is not liquidity-constrained.
-The second approach is the solvency criterion of government finances or the PresentValue Constraint (PVC) approach, also called the lender based approach. This approach relies on the intertemporal budget constraint which requires that the present discounted value of future primary budget balances should at least be equal to the outstanding stock of debt. Thus, the public sector cannot be a debtor and the private sector cannot be a creditor, in present value terms, any debt incurred should eventually be fully repayable.
If there is debt at present, the primary balance should become positive at some date in the future in order for the present-value budget constraint to be respected.
Irrespective of the conceptual approach adopted, the fundamental block of the fiscal sustainability corresponds to a simplification of the government budget constraint (Vera, 2009 ). We rely in this paper on the mathematical model of fiscal sustainability underlying that fundamental block, to estimate the effect of structural economic vulnerability on public debt in developing countries.
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We assume first that the government finances its deficit only by issuing debt. Hence, we exclude for the moment other financing items such as seigniorage revenue, privatization proceeds, and the sales of public assets.
Let us denote t B the stock of the public debt at the end of the year t; t i the nominal interest rate on total public debt; t G and t T be respectively the total tax revenue and the total government consumption (excluding interest payments on the total public debt).
The government budget constraint is given by:
Debt in period t = (Debt in period t-1) + (Primary Deficit +Interest Payments on public debt)
or Debt in period t -(Debt in period t-1) = Primary Deficit +Interest Payments on public debt = Primary Deficit (in year t) + t i *(Debt for period t-1).
This equation can be rewritten as: ) ( ) (
To analyze the evolution of the total public debt, we need to normalize the public debt by some measure of the country's ability to service and repay its debt: the most common choice is typically the nominal Gross Domestic Product, denoted t Y . Thus, the evolution of the debtto-GDP ratio could be obtained by analyzing derivative of
If we call can be rewritten as ) (
where t π stands for the rate of inflation and t g for real GDP growth. The substitution of (3) into (2) , then we obtain in terms of ratios to GDP:
If we assume that the debt ratios are steady state and that the real rate of interest on debt is defined by π − = r i , the rearrangement of (5) leads to:
The equation (6) shows that if the primary surplus ratio is equal to zero, the debt-to-GDP ratio will grow or shrink at the rate ) ( g i − , within a framework where it is assumed that there is a level beyond which the debt-to GDP-ratio cannot or should not rise. Under this situation, the halshs-00749469, version 1 -7 Nov 2012 public debt ratio increases when the real effective interest rate on government debt exceeds the growth rate of GDP (that is, when the growth-adjusted real effective rate is positive) unless there is a sufficient amount of primary budget surplus. In other terms, the Domar's condition for debt stability (and thus fiscal sustainability) can be held when the real GDP growth rate is higher than the real interest rate, even if the primary balance continues to be just zero.
The model specification, the discussion of the expected effects of covariates and the econometric technique
The model specification
When developing the previous model of fiscal sustainability, we assume that the budget deficit is financed only by debt creation. However, other financing items (such as those mentioned above) should be considered. For example, in developing countries, governments usually resort to the monetisation of deficit (the seigniorage); they can also use public investment to stimulate private investment or use it as a countercyclical tool and thus obtain revenues if the expected rate of return of the development projects related to public investment exceeds the cost of borrowing. In addition, the significant assets (buildings, mineral deposits and various forms of liquid reserves) held by governments in developing countries could provide them with substantial revenue, the latter being possibly used to alleviate the burden of public debt of these countries.
To take into account such items (at least partially) in the equation (6), we define the primary balance not as the difference between tax revenue and the government spending, but rather as the difference between the overall government revenue and excluding grants -with these revenue comprising several items, including other non-tax revenue-and non interest (primary) expenditure.
Overall, from the equation (6) and based on the discussion made above, the fiscal sustainability depends upon the following factors:
-the primary surplus; that is, the difference between the overall government revenue including seigniorage and other types of revenues and excluding grants, and the non-interest (primary) expenditure;
-the growth of real GDP;
-the real interest rate.
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We take into account these elements and further augment the model with our variables of interest (the EVI or its components and/or as we will see later, their square values), as well as other control variables which are likely to influence both the variables of interest and the dependent variable (the overall public debt).
In fact, we follow a general approach that consists of estimating some version of the following equation: The vector it X represents the structural economic vulnerability variables (that is, the EVI or its components-and/or the square values of EVI or the squared values of its components). We also include in the model a set of other time-varying control variables which act as (economic)
resilience-related variables. They include the fiscal balance (in percent of GDP), the GDP growth rate, the terms of trade, the real effective exchange rate, the grants (as a percentage of GDP), the inflation rate (captured here through the GDP deflator), and the quality of governance. The definition and the source of these variables are provided in Table 5 of the Appendix. Note that we present the model estimated with and without the institutional variable (quality of governance). institutions and the degree of creditworthiness) correlated with the error term in determining the evolution of the public debt to GDP ratio. Second, our macro panel contains, in principle, most countries of interest (representing the whole population of developing countries, especially those that are structural vulnerable), and thus will not likely be a random sample from a much larger universe of countries where the use of random effects may be more suitable. 
In the next section we discuss the expected sign of the different regressors included in the model.
Discussion on the expected signs of the explanatory variables
Before proceeding to the discussion of the expected effects (signs) of our explanatory variables, we would like to mention that, in order to make our regressors predetermined with respect to the dependent variable (the total public debt), we take the precaution to use where it appears necessary the lagged values of the explanatory variables. This allows us to avoid simultaneous relationships between certain regressors and the dependent variable.
Now what about the expected effect of each explanatory variable?
The EVI's variable
In analysing the effect of economic vulnerability on economic growth, Cordina (2004a, b) shows that increased risk can adversely affect economic growth as the negative effects of downside shocks would be commensurately larger than those of positive shocks. Furthermore, he presents a conceptual application of the 'Singapore Paradox' approach and shows evidence that, in response to a situation of vulnerability, saving and capital formation in an economy can be important sources of resilience. Guillaumont (2009) discusses the effects of each component of the (retrospective) EVI on economic growth and poverty. He concludes that the EVI reduces economic growth and, through the latter, exerts deleterious effects on the pace of poverty reduction. These impacts occur through the channels of export earnings instability, the primary instabilities (especially through their effects on public finances or through the passed through price fluctuations to producers), political instability, the smallness of the country, the structure of the economy and the location of the country. halshs-00749469, version 1 -7 Nov 2012 the occurrence of debt distress episodes across low-income countries (LICs). Thus by challenging the NDSF prospects, whose aim is to solve the long-standing debt crisis involving many of the LICs, the author concludes that 'the NSDF is bound to distort aid allocation away from the country-specific circumstances which truly matter for the achievement of debt sustainability.
Based on this short literature review related to the macroeconomic impact of EVI, we discuss its possible impact on public debt.
The structural vulnerability, by reducing tax revenue (unless the government increases taxes after an exogenous shock or when its exposures to shocks rises, though such measure is politically sensitive and difficult to implement) and increasing government spending is expected to increase the budget deficit. We hypothesise that, irrespective of its effect on the public finances (the budget deficit), the structural vulnerability of a country is expected to increase its public indebtedness. However, when a government experiences a structural vulnerability of its economy, instead of borrowing even at low cost to cope with the additional financial needs induced by such structural vulnerability, it can rely on non-costly financial means such as the privatisation proceeds, the seigniorage and the sale of its liquid assets. In such cases an obtained positive effect of EVI on the accumulation of public debt may cancel out the effect of the fiscal balance (the coefficient of the variable capturing the 'the fiscal balance' may not be statistically significant). We can also interpret the cases where in the regressions both the fiscal balance and the EVI appears to be statistically significant by the fact that countries facing structural vulnerability benefit from debt forgiveness from their creditors (the extra revenues are used to cope with the shocks).
Furthermore, we can conjecture the existence of a non-linear relationship between EVI and the overall public debt. The argument underlying this hypothesis is the following: even if as EVI rises, the government could draw on its previously quoted non-costly financial means to cope with the additional financial needs, for high levels of EVI, the government will have no choice but to have recourse to external and/or domestic borrowing. Therefore, if we introduce both the linear and the squares terms of EVI in the model, we expect a positive effect of the squared EVI's variable and a negative effect of the EVI's variable. In the meantime, the significance of the effects of these two variables (the EVI and its square) may cancel out the effects of the fiscal balance and an interpretation of the results could be that countries facing higher EVI benefit (temporary) from debt forgiveness from creditors. The same reasoning applies to the components of EVI that will include in the regressions in replacement of EVI itself.
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One can also expect the accumulation public debt to rise in the first stages of EVI rises (if the countries choose to borrow internally or abroad to accommodate the EVI increases) and then to decline for higher EVI, because of the debt relief granted by creditors or the use of non-costly financial resources or also the adoption of fiscal adjustment measures. Hence, the sign of 'EVI' or its components will be positive and that of its square or its components' square will be negative.
The fiscal balance: as mentioned above, we expect an improvement in the fiscal balance to reduce the overall public debt. If the EVI (or its components) effect translates through the fiscal balance, the impact of the latter on public debt will be statistically nil. However, we acknowledge that a statistically nil effect of fiscal balance may not necessarily be due to the presence of the EVI or its components in the model, but may also be explained by the effect of other control variables of the model that influence the fiscal balance (e.g. economic growth; the terms of trade; the quality of governance).
The real GDP growth: we expect the indebtedness of a country to rise following losses in output; that is, lowering of real GDP growth (see also Barro, 1979) . Accordingly, the real GDP growth is expected to be negatively related to the accumulation of public debt.
The real effective exchange rate
The real effective exchange rate (REER) indicates a country's competitiveness. In our case, a rise in the REER means an appreciation and a decline means depreciation. The effect of the real effective exchange rate on the overall public debt of a country depends on its effect on the domestic and external debt.
Regarding the domestic debt, on the supply side its issuance may be easier to countries when the currency is appreciating because the expected appreciation allows prudent policymakers to hide the implicit insurance premium embedded in domestic currency borrowing (Caballero and Cowan, 2006; Panizza et al., 2011) . On the demand side, a real appreciated exchange rate is, at any given interest rate, likely to discourage the demand of domestic currency bonds as investors may foresee an ex-post appreciation of the foreign currency rate (a real depreciation of local currency; see also Panizza et al., 2011) .
Furthermore, in terms of valuation effects, a real effective exchange rate appreciation (depreciation) automatically induces a higher (lower) domestic indebtedness of the government.
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With respect to the external public debt, the effect of REER changes on its build-up is also ambiguous. In fact, a real exchange rate depreciation will lead to a declining of the external debt stock if the induced rise in export earnings of this depreciation is sufficiently enough to service the external debt; otherwise, the depreciation of the REER will result in a rise of external indebtedness (Craigwell et al., 2010; see also Ng'eno, 2000) .
Overall, we cannot conclude a priori about the effect of REER changes on the accumulation of the total public debt (domestic and external debt).
The terms of trade
An improvement in terms of trade (an increase in the relative price of exportables for a country) is likely to increase the export (foreign) revenues of the beneficiary country, reduce current expenditures and therefore improve the fiscal balance. Note that the reduction effect of public expenditures owe to the terms of trade improvement appears through a relative decline in the price of inputs (in the cases where imports represent an important share of expenditures -which is usually observed in many developing countries and a fortiori, in CFA Franc Zone countries). Furthermore, such improvement in terms of trade, by increasing the economic growth may also reduce the need for social assistance from government and in fine, add to the reduction of current expenditures. Thus, an improvement in terms of trade is expected to be positively related to lower external and /or domestic borrowing and by the same token, to a low probability of excessive debt.
Conversely, a decline in terms of trade, by lowering revenue, increasing (substantially) public spending and thus worsening the fiscal balance, will likely result in higher total public debt.
As a result, the likelihood of excessive debt will rise. The positive effect of such terms of trade deterioration on public expenditures translated through for example, the rise of social assistance needs, and the high demand by public enterprises of support from the government because they cannot adjust their pricing policies to changes in export and import prices.
The grants
According to Cline (2003) , since in low-income countries (LICs) the grants elements (foreign grants, which represent a substantial fraction of GDP) are available to pay some part (or all) of the interest due on debt, it is important to modify our previous debt sustainability condition by taking into account the amount of foreign grants as a fraction of GDP. This is why we include in our model specification the foreign grants as a percentage of GDP. We thus expect the grants to alleviate the burden of indebtedness of developing countries-that is, to exert a halshs-00749469, version 1 -7 Nov 2012 negative effect on public debt. But we can also hypothesise that the higher the grants are for a developing country, the less it will be inclined to correctly manage its public finances to avoid unsustainable debt situations. In such instances, the grants will exert a positive effect on the total public debt.
The inflation rate
The impact of inflation on the public debt depends on how the latter is distributed among domestic and foreign creditors. In the case of developing countries where (usually) a substantial part of the public debt is denominated in foreign currency, the inflation impacts directly the domestic debt-to-GDP ratio and indirectly the ratio of external debt to GDP through the real effective exchange rate.
A rise in inflation erodes the real value of the domestic debt hold by creditors and the effective debt ratio, unless all domestic debt is indexed to prices or foreign currencies (though according to Panizza et al., 2011 , in such cases inflation can debase indexed to prices if the government tinkers with the price index), a government can inflate away the domestic public debt by money creation, with the result of this inflating away of debt depending on the share of debt that is indexed to inflation. Panizza et al. (2011) 9 also point out the exceptional case where inflation can lead to a rise of public debt: in the case of a country facing a real appreciation (that is, where inflation outweighs the currency depreciation) and where a large share of domestic debt is indexed to inflation, the valuation effects will create a positive link between inflation and domestic currency debt.
The quality of governance
We expect the better quality institutions (especially fiscal ones) to be associated with a lower public debt. In addition, there is a need for developing countries (especially small countries and LDCs) that are structurally vulnerable to set up the adequate institutions that should promote competitiveness, build economic resilience and promote sustainable development (Farrugia, 2007) . Thus the institutions in developing countries and particularly in small countries should be as strong as possible to reflect the governance aspects inside their economic environment. Therefore we include in our model the variable 'quality of governance' and expect it to be negatively associated with the build-up of public debt.
The econometric technique
As the time and cross-sectional dimensions of our panel data are important (T = 29 and N = 74), there will likely be serial correlation, heteroscedasticity and contemporaneous correlation ). The spatial correlation may in practice result from unobserved common shocks to the total public debt that is not captured either by the time dummies or by the other determinants of the public debt.
Another econometric technique that could allow us to perform our regressions using fixed effects while dealing with serial correlation, heteroscedasticity and contemporaneous correlation in the residuals is the panel corrected standard errors (PCSEs) developed by Beck and Katz (1995) . However, for the reason mentioned above (the unbalanced and shortness nature of our sample and sub-samples), we cannot use this technique. Finally, we rely solely on the fixed effects technique where standard errors are computed using the Driscoll-Kraay (1998) technique. 10 The erroneous ignorance of spatial correlation in panel data estimation severely biased the estimates. 11 We perform our regressions using the stata's command 'xtscc' implemented by (Hoechle, 2007 ) to obtain Driscoll and Kraay's covariance matrix. 12 The robustness of Driscoll-Kraay's standard errors are certainly based on asymptotic theory, but their values have been demonstrated in panels down to T = 5 (Hoechle, 2007) . 13 Driscoll and Kraay's robust standard errors underperform White's robust standard errors in the absence of between-group dependence while outperforming in its presence (Hoechle, 2007) .
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The empirical results
In this section, we discuss the results (Table 1 to Table 2 contains the results with the EVI's components and the control variables; in Table 3 , we display the results associated with the EVI, its square values as well as the control variables; and, finally, Table 4 reports the results of EVI's components, their squares and the results of the control variables. As we mentioned earlier, in all these tables we provide both the results with and without the variable capturing the governance quality, but we always interpret the results of the model with the 'quality of governance's' variable.
Consider first our full sample of developing countries. The results in Table 1 suggest that, irrespective of the control variables effects, including the quality of governance, EVI appears to increase significantly the build-up of total public debt. Note, however, that the variable 'fiscal balance' is not statistically significant when we control for the quality of institutions. These results are confirmed when we replace the EVI by its two main components: the higher the exposure of countries to shocks or the higher the shocks these countries face, the higher the total public debt they incur. However, the introduction of the square values of EVI in the model (see results in column [2] of Table 3 ) suggest, all other things being equal, evidence of a non-linear relationship (in the form of a U curve) between EVI and the total public debt: on average, as the EVI increases, the total public debt decreases but beyond the threshold value of EVI of approximately 37.5, an additional rise in EVI is associated with an accumulation of public debt. In the meantime, the effect of fiscal balance is statistically nil. As we have already discussed in section 4.2, this result can be explained by the fact that, until an average threshold of 37.5 for the EVI is reached, these countries use their non-costly financial means (either privatisation proceeds, or seigniorage, or the sale of public assets or public investments proceeds) to cope with such structural vulnerability. When being hit by external shocks and/or when their exposure to shocks rises, they may also benefit (temporarily) from debt forgiveness (relief) from the multilateral institutions or the bilateral creditors. However, beyond this threshold, countries do not have other options than borrowing either abroad (inducing an increase in external debt) or domestically (thus increasing the halshs-00749469, version 1 -7 Nov 2012 domestic debt) which leads to a higher total public debt. Turning to column 2 of Table 4 , we also observe a non-linear relationship (in the form of a 'U' curve) between the EVI's components and their square values, and the total public debt. Indeed, the higher the exposure (or the shocks), the lower the build-up of public debt-but beyond a threshold (approximately 33.4 for 'exposure' variable and 55.6 for 'shock' variable) public debt rises significantly with the increases in exposure to shocks or shocks. The explanation is the same as the one provided above. Note that the fiscal balance doesn't appear to be statistically significant here either.
Regarding the other control variables, we observe from Tables 1 to Table 4 that the variables 'economic growth, terms of trade, and quality of governance' exhibit the expected sign.
Consider now the three sub-samples. For LICs (column 4 of Table 1 ), neither the EVI nor the fiscal balance appears to explain the build-up of public debt. Among the control variables, the accumulation of public debt is rather explained by a decline in economic growth, a deterioration of the terms of trade or a depreciation of the real effective exchange rate. The EVI's impact of the lower middle income countries (LMICs) on their total public debt is statistically nil, whereas an improvement in the fiscal balance, an increase in economic growth or a lower inflation (though statistically significant at only 10% level) reduces their indebtedness. The build-up of public debt in UMICs doesn't appear to be affected by fiscal balance, but is rather driven by a low economic growth (though statistically significant at only the 10% level), a deterioration in terms of trade (though statistically significant at only the 10% level), an appreciation of the real effective exchange rate, lower inflation, a rise in grants and a low quality of governance. These results are roughly confirmed when we turn to Table   2 where the EVI is replaced by its components, but the significance level of certain coefficients differ from those observed in Table 1 .
The results are more interesting when we introduce either both the EVI and its square values or its components and their square values in the model (see Tables 3 and 4) . We find evidence of no non-linear relationship between EVI and the public debt for LICs, suggesting that the introduction of the square values of the EVI cancels out the effect of EVI. In addition, this squared EVI variable is not statistically significant. This may give rise to conclude (in reference to column [4] of Table 1 ) that, for LICs, EVI influences positively and significantly the build-up of public debt. However, the results in Table 4 suggest evidence that an increase halshs-00749469, version 1 -7 Nov 2012 in shocks or in exposure 14 to shocks in these countries affects on average positively and permanently their accumulation of public debt over time. It is worth highlighting that, for the LICs, the same control variables are significant in all the tables.
Regarding LMICs and UMICs (columns 6 and 8 of Tables 3 and 4) , the findings are different. Indeed, the results (Table 3) are suggestive of a non-linear relationship in the form of a 'U' curve between EVI, its squares and the total public debt, or the EVI's components, their squares values and the total public debt for both sub-samples of LICs and LMICs. The threshold calculated for LMICs is 39.25 while that of UMICs is 34.14. In addition, in contrast to previous results, fiscal balance is as expected, significantly and negatively associated with the indebtedness of LMICs and UMICs. This means that the non-linear effect of EVI on the rise in public debt does not translate neither through the public revenues and/or public expenditures of government nor through economic growth which is negatively associated with the total public debt in both LMICs and UMICs. For LMICs we can conclude that this effect translates through the non-statistically significant control variables that are the terms of trade, the real exchange rate and the grants (in percentage of GDP). As mentioned above, we can also interpret this observed effect of EVI that does not translate through the 'fiscal balance' by the fact that LMICs, when facing moderate structural shocks and exposure to shocks (characterised by an average EVI under 39.25), benefit from some debt relief which allows them to cope conveniently with the rise in their structural vulnerabilities. For UMICs, the economic interpretation of the 'U' shaped curve observed between EVI's variables and the total public debt is different. In fact, in addition to the significant effect obtained for the EVI and its squares values, the effect of all other control variables appears to be statistically significant: the decline in public indebtedness is explained in UMICs by a strong fiscal balance, a higher economic growth, an improvement in terms of trade, an appreciation in real effective exchange rate, a decline in grants and better quality of governance. This suggests that, for the UMICs, EVI variables impact on the total public debt (under the threshold value of 34.14), translated through other channels, may be the debt relief. In Table 4 where we replace EVI and its squares by EVI's components, we observe that, for LMICs, the 'U'
shaped curve exists between the 'exposure' variable and the public debt but not between debt and the 'shock' variable where the latter is linearly associated with the dependent variable.
Fiscal balance is here negatively and significantly associated with the public debt. Among the 14 Note that the coefficient of this variable is statistically significant at the 10% level only).
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other control variables, only the improvement in economic growth and a lower inflation explains the decline in the total public debt. Concerning the UMICs, the non-linear relationship between EVI and the public debt is dictated not by the square values of the variables 'exposure' and 'shock', but by the interaction between these two variables. This suggests that the effects of exposure to shocks in UMICs depend on the shocks these countries face, and vice-versa.
Conclusion and policy implications
In this study we explore how the structural vulnerability in developing countries influences their indebtedness. To do so, we use the (structural) economic vulnerability index (EVI) jointly computed by Guillaumont et al. (2011) After controlling for several potential covariates, we obtain the following results regarding the EVI effects on total public debt:
-With regard to the full sample of developing countries, EVI affects positively the buildup of public debt, but this positive effect appears after a threshold of the EVI. In other words, we observe the existence of a non-linear relationship between the EVI and public indebtedness in developing countries. The same findings apply when we use EVI's components rather than EVI itself.
-When turning to the LMICs and the UMICs, we also obtain evidence of the existence of a 'U' shaped curve in the relationship between EVI and the public debt.
-In contrast to the LMICs and UMICs, we observe that, whereas EVI leads to the accumulation of public debt in LICs, a higher exposure to shocks or a higher shocks affects positively and permanently the public indebtedness of these countries.
These results suggest that, as for economic growth and other macroeconomic indicators, structural vulnerability also matters seriously for indebtedness in developing countries, particularly in LICs where the effect appears to be very strong. Accordingly, there is a need for the international community to take into account the structural vulnerability of developing halshs-00749469, version 1 -7 Nov 2012 countries (especially LICs) in designing appropriate development policies, especially those related to debt sustainability. The quality of governance is measured by subjective indices from the International Country Risk Guide (ICRG). The quality-ofgovernance index from ICRG used here is an 18-point scale, created by summing the following three six-point scales: corruption in government, bureaucratic quality, and the rule of law. See the ICRG for the criteria used in coding these measures. The rationale for corruption and bureaucratic quality is obvious. The rule-of-law definition indicates that this measure reflects the government's administrative capacity in enforcing the law, as well as the potential for rent-seeking associated with weak legal systems and insecure property rights. Source: International Country Risk Guide (ICRG) Data. 1821 0.4405577 0.1505406
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